Specifically designed thiosteroids as active-site-directed probes for functional dissection of rat liver cytochrome P450 3A isozymes.
Testosterone (T) 6 beta-hydroxylase (6 beta-OHase) is a well-recognized functional marker of rat liver cytochrome P450 3A (P450 3A) isozymes. Pretreatment of rats with inducers or specific or nonspecific inhibitors of P450 3A isozymes is associated not only with stimulation or inhibition of hepatic microsomal T 6 beta-OHase activity but also with parallel changes in the corresponding T 2 beta-, 15 beta-, and 18-OHase activities and T 4,6-diene formation. At the time these studies were conducted, no fully functionally active rat hepatic P450 3A isozymes had been isolated. To determine whether each of these activities was due to a single P450 3A isozyme, or whether multiple isozymes contributed to these activities, we specifically synthesized two thiotestosterone (6 beta- and 2 beta-SHT) analogues as potential mechanism-based inactivators of rat liver T 6 beta- and 2 beta-OHases. In addition, to assess their relative stereoselectivity, 2 alpha-SHT was also included as a control. Our studies revealed that although all three thiosteroids were excellent suicide substrates of P450 3A isozymes, they inactivated these T OHases differentially. Such differential inactivation and determination of the kinetic parameters of inactivation allowed the functional classification of rat hepatic P450 3A isozymes into at least two and possibly three categories: (i) forms (catalyzing 4,6-diene and 6 beta-OHT formation but with characteristically low 6 beta/2 beta-OHase ratios) highly susceptible to inactivation by SHTs; (ii) forms (catalyzing T 6 beta-, 2 beta-, 15 beta-, and 18-hydroxylations with high 6 beta-/2 beta-OHase ratios) moderately susceptible to the SHTs; and (iii) forms somewhat resistant to inactivation, at least at the SHT concentrations tested. Although no specific T OHase could be ascribed to a single P450 3A isozyme, it appears that each of these P450s catalyzed such T regiohydroxylations, albeit at considerably different extents. Furthermore, our studies also revealed that 2 alpha-SHT preferentially inactivated P450 3A forms but surprisingly failed to inactivate rat hepatic P450 2C11, thereby confirming the rather high substrate promiscuity of the P450 3A family of isozymes.